Cerbera manghas is a mangrove plant which possesses comprehensive biological activities. A great deal of research has been undertaken on the chemical constituents and medical functions of C. manghas; insecticidal and antifungal activities have also been reported, but the acaricidal activity has not been studied. In our study, the acaricidal activity and active substances of C. manghas were investigated using a spray method, which showed that the methanol extracts of the fruit, twigs and leaves exhibited contact activity against female adults of Panonychus citri, with LC 50 values at 24 h of 3.39 g L -1 , 4.09 g L -1 and 4.11 g L -1 , respectively. An acaricidal compound was isolated from C. manghas by an activity-guided isolation method, and identified as (-)-17β-neriifolin, which is a cardiac glycoside. (-)-17β-Neriifolin revealed high contact activity against female adults, nymphae, larvae and eggs of P. citri, with LC 50 values at 24 h of 0.28 g L -1 , 0.29 g L -1 , 0.28 g L -1 and 1.45 g L -1 , respectively.
Citrus red mite (Panonychus citri, family Tetranychidae), which occurs in citrus planting regions all over the world, is a very important harmful mite of the citrus fruit tree. It causes abscission of leaves and fruits, and ultimately leads to the reduction of fruit yield and decline in fruit quality. At present, citrus red mites are controlled mostly by the use of chemical pesticides. Because of their rapid reproduction and enormous population density, citrus red mites are sprayed many times annually with a great number of chemical pesticides [1] . Therefore, the cost of production is high, and the environmental pollution and pesticide residues of citrus fruits were severe. Although there are many chemical acaricides used for controlling citrus red mites, their resistance is very severe because of the long-term use of chemical acaricides [2] . As a result, their control effectiveness has declined. Furthermore, the resurgence of mites took place more easily owing to the death of a great number of natural enemies caused by chemical pesticides. Thus, it is very necessary to develop novel and safe acaricides for the control of citrus red mites. Secondary metabolites in plants are numerous, of diverse types, and with a comprehensive range of biological activities [3] . Such metabolites with acaricidal activity possess many advantages; they are safe to the environment, they have better selectivity and cause little damage to natural enemies, their action modes are particular, and the mites do not develop resistance to them easily [4] . Therefore, it is an important approach for the exploitation of novel and safe acaricides through finding acaricidal compounds from plants.
Cerbera manghas, a mangrove plant of the family Apocynaceae, is distributed mostly in tropical regions of Asia, Australia, Madagascar, and China (Guangdong, Guangxi, Hainan and Taiwan). C. manghas possesses an emetic action and is used to treat diarrhea and itching. The leaves, bark and latex have been used for drugs [5] . The principal chemical constituents of C. manghas are flavonoids, lignans, terpenoids and cardiac glycosides [6] [7] [8] [9] [10] [11] [12] . The extracts and compounds from C. manghas possess a wide range of biological activities. Glycosides from C. manghas have a heart stimulation effect, and were used for curing heart failure in China [13, 14] . These compounds also inhibit proliferation and induce apoptosis in human liver cancer cells [15, 16] , and have an anticancer effect on skin, breast and lung cancers [7, 17] . Chang et al. reported that three cardiac glycosides isolated from C. manghas exhibited antiproliferative and antiestrogenic activities, and remarkably inhibited proliferation of human colon cancer cells and endometrial adenocarcinoma cells [18] . Wang et al. reported that a cardiac glycoside isolated from the seeds of C. manghas inhibited proliferation and induced apoptosis in human promyelocytic leukemia HL-60 cells [19] . The extract and oil from C. manghas showed insecticidal activities against larvae of Spodoptera litura, Tribolium castaneum and larvae of Anua indiscrininata [20] [21] [22] . The n-butyl alcohol extract of the leaves and the methanol extract of the twigs and leaves of C. manghas had inhibitory activities against many kinds of plant pathogenic fungi [23, 24] . Up to now, a great deal of research on the chemical constituents and the functions in medicine of C. manghas have been undertaken, and insecticidal and antifungal activities reported, but the insecticidal and antifungal substances are still unknown, and the acaricidal activity has not been studied. The purpose of our studies on the acaricidal activity and active substances of C. manghas is to find lead compounds with novel structures and particular modes of action for the exploitation of novel and safe acaricides, and provide a basis for the use of C. manghas in the pesticide field. C. manghas to female adults of P. citri was evaluated using a spray method, and the results are listed in Table 1 . The methanol extracts of the fruits, twigs and leaves showed contact activity against female adults of the mites, with LC 50 values at 24 h of 3.39 g L -1 , 4.09 g L -1 and 4.11 g L -1 , respectively. The contact toxicity of the three extracts was similar and it was suggested that acaricidal substances are present in the fruits, twigs and leaves of C. manghas.
Contact activity of different solvent extracts from the methanol extracts of Cerbera manghas against female adults of Panonychus citri:
The methanol extracts of the fruits, twigs and leaves were preliminarily fractionated using a liquid-liquid extraction method, and the light petroleum, chloroform, n-butyl alcohol and water extracts were obtained. The contact activities of all solvent extracts against female adults of P. citri were evaluated using a spray method, and the results are given in Table 2 . Among these extracts, the chloroform extracts showed the highest acaricidal activity, whereas the activities of the light petroleum, n-butyl alcohol and water extracts were much lower.
The three active chloroform extracts were mixed and isolated repeatedly by silica gel column chromatography and activity-guided methods. Finally, a pure active compound {(-)-17β-neriifolin} was obtained (details are included in the Experimental section). The inactive compounds were not further separated.
Chemical structure of (-)-17β-neriifolin. Contact toxicity of (-)-17β-neriifolin to Panonychus citri: Contact toxicity of (-)-17β-neriifolin to female adults, nymphae, larvae and eggs, and the conventional acaricide, dicofol, to female adults and eggs was evaluated using a spray method, and the results are given in Table 3 . (-)-17β-Neriifolin showed evidence for contact activity against female adults, nymphae, larvae and eggs of P. citri, with
LC 50 values at 24 h of 0.28 g L -1 , 0.30 g L -1 , 0.28 g L -1 and 1.45 g L -1 , respectively. The toxicity of (-)-17β-neriifolin to motile mites is much higher than that to eggs. That is to say, (-)-17β-neriifolin is toxic to all growth stages of mites of P. citri. The toxicity of (-)-17β-neriifolin to female adults and eggs is lower than that of the conventional acaricide dicofol.
Our study indicated that the extracts from the fruits, twigs and leaves of C. manghas had contact activity against female adults of P. citri, and the active compound (-)-17β-neriifolin exhibited contact activity against all growth stages of mites of P. citri. C. manghas exhibits insecticidal [20] [21] [22] and antifungal activities [23, 24] . Because of its broad bioactivities, C. manghas possesses a potential for exploitation as a pesticide.
(-)-17β-Neriifolin is a cardiac glycoside that possesses broad bioactivities and pharmaceutical functions. Frerejacque [25] and Sun [26] isolated neriifolin from T. peruviana; many other researchers have also separated neriifolin from plants of the genus Cerbera [7, 8, [16] [17] [18] . Neriifolin possesses excellent heart stimulation function, and the cardiotonic thevetin (Qiangxingling) exploited in China using neriifolin and peruvoside as principal ingredients was widely used in the clinic as a substitute for digoxin in the 1960s to 1970s, and showed excellent effectiveness in curing acute heart failure [26] . Neriifolin also possesses extensive anticancer activities. Research has shown that neriifolin inhibited proliferation of human liver cancer HepG2 cells and induced cell apoptosis [15, 16] , and also inhibited proliferation of human colon cancer Col2 cells and the Ishikawa cell line [18] . So far, the pesticidal activity of neriifolin has not been studied and reported.
Our study showed that neriifolin had contact activity against all growth stages of mites of Panonychus citri, indicating that it has potential for exploitation as an acaricide. Compared with the commonly used acaricide dicofol, the acaricidal activity of neriifolin against P. citri was relatively lower, and, therefore, the configuration optimization and modification of the structure of neriifolin are necessary so that its acaricidal activity is raised. The mode of action and bioactivity of neriifolin against other pests also awaits further study. 
Experimental

Extraction of plant constituents:
The slices of fruits, twigs and leaves of Cerbera manghas were kept in a room until air dried, and then dried at 60°C in a constant temperature oven until the materials were fragile. The dry materials were pulverised and put through a 368 μm screen. One kg of dry powder was put in a glass vessel, and then 5000 mL methanol was added to it. The powder was extracted twice for 48 h at room temperature and filtered; the two filtrates were mixed. The filtrates were evaporated to dryness in a water bath with a rotation evaporator, and the extracts were weighed and kept at 4°C in a refrigerator for use. The extract yields for fruits, twigs and leaves were 8.7%, 7.2% and 10.1%, respectively.
Preliminary isolation of acaricidal constituents:
The methanol extract (100 g) was evenly dispersed in 200 mL of distilled water, and then extracted three times in sequence with 3 × 200 mL light petroleum, chloroform and n-butyl alcohol. The light petroleum extract accounted for 8.5%, 17.3% and 15.6% of the fruits, twigs and leaves extracts, respectively, the chloroform extract for 1.6%, 3.1% and 3.8%, respectively, the n-butyl alcohol extract for 16.4%, 20.7% and 24.7%, respectively, and the water extract for 74.9%, 59.0% and 56.3%, respectively. The principal active extracts were confirmed by measurement of acaricidal activity against female adults of Panonychus citri. The active fractions-13~17 obtained from the first silica gel column were merged and separated again using silica gel CC in a gradient solvent system of light petroleum/acetone (10:1, 10:2, 10:3, 10:4, 10:5, 10:10), and finally eluted with methanol. All the fractions obtained were examined for acaricidal activity against female adults of P. citri to find the principal active fractions.
Column chromatographic isolation of acaricidal constituents:
The active fractions-7~10 obtained from the second silica gel column were examined by TLC using a solvent system of ethyl acetate/acetone (3:1) and chloroform/methanol (10:1), respectively, indicating that fractions-7~10 were a single component, and white sheet-like crystals were obtained after volatilization of the solvent. After recrystallization from methanol, a pure active compound (2.89 g) was obtained. 
Determination of contact activity against motile mites of
Determination of contact toxicity to eggs of Panonychus citri:
A piece of flat citrus leaf (2 cm×3 cm) was put on the wet gauze with the front face down, and then about 20 female adults of P. citri were inoculated on the citrus leaf with a camel hair brush. After laying eggs for 24 h, the female adults were removed, and then the eggs were counted. About 60 eggs on a leaf were ensured. The sample was dissolved in acetone to give a series of test solutions of 5~6 required concentrations, which were then sprayed on the eggs using a Potter spray tower (spray pressure was 1.2 bar and test solution used was 1 mL). The treated eggs were reared in a climatic cabinet at 25±1°C, RH 75%~85%, and 16 h illumination per day. Three replicates were set up for each treatment. Mortality of eggs was determined 8 d after treatment. Finally, regression equations, LC 50 and 95% confidence limits were calculated by the least-squares method.
Identification of active compound:
The active compound was identified from its mass, 1 H NMR and 13 C NMR spectra and its physical constants. MS and NMR were measured with a VG Auto Spec-3000 MS spectrometer and a Bruker AM-500 NMR spectrometer, respectively. The 1 H NMR and 13 C NMR data of the active compound matched those of (-)-17β-neriifolin reported in the literature [8] .
(-)-17β-Neriifolin MP: 222-225ºC (Lit. 232ºC [18] ; 203-207ºC [26] ). 
